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Using a new instrument, the HEAT collaboration has confirmed the excess of
cosmic ray positrons that they first detected in 1994. We explore the possibility
that this excess is due to the annihilation of neutralino dark matter in the galactic
halo. We confirm that neutralino annihilation can produce enough positrons to
make up the measured excess only if there is an additional enhancement to the
signal. We quantify the ‘boost factor’ that is required in the signal for various
models in the Minimal Supersymmetric Standard Model parameter space, and
find that a boost factor ≥ 30 provides good fits to the HEAT data. Such an
enhancement in the signal could arise if we live in a clumpy halo.
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1. Introduction
Several years ago the HEAT collaboration reported an excess of cosmic
ray positrons with energies ∼ 10 GeV1. In 2000 they again measured this
excess using a new instrument, and found excellent agreement2. The possi-
bility that this excess is due to annihilations of Weakly Interacting Massive
Particles (WIMPs) in the galactic halo, in particular the neutralinos in su-
persymmetric models, has been investigated by many authors; the positron
fluxes have been calculated previously3,4,5,6,7,8, and attempts to fit the new
HEAT data with positrons from supersymmetric dark matter annihilations
have been made9,10,11.
In an earlier work7 two of us calculated the positron fluxes from neu-
tralino annihilation in the halo and compared with the excess reported then
by HEAT1. Recently we investigated the possibility that the HEAT excess
(in light of the new data) could be due to neutralinos9. We will here go
through this possibility and comment on some other work along the same
lines.
2. Supersymmetric model
We work in the Minimal Supersymmetric Standard Model (MSSM), with
the usual low-energy parameters: the Higgsino mass parameter µ, the gaug-
ino mass parameter M2, the ratio of the Higgs vacuum expectation values
tanβ, the mass of the CP -odd Higgs boson mA, the scalar mass parame-
ter m0 and the trilinear soft SUSY-breaking parameters Ab and At for the
third generation. More details are presented elsewhere12,13.
We will consider the case when the lightest neutralino is the lightest
supersymmetric particle and we will use DarkSUSY14 for our calculations.
We calculate the relic density including coannihilations between neutralinos
and charginos13,15. We will here only include models where 0.05 ≤ Ωχh
2 ≤
0.25 (Ωχ is the density in units of the critical density and h is the present
Hubble constant in units of 100 km s−1 Mpc−1).
We have used the scans over the MSSM parameter space developed in
our earlier work9. For each model, we have check if it is excluded by any
accelerator constraints. The most important of these are the LEP bounds17
on the lightest chargino mass (88.4 GeV if |mχ+
1
−mχ0
1
| > 3 and 67.7 GeV
otherwise) and on the lightest Higgs boson mass mh (which ranges from
91.5–112 GeV depending on tanβ) and the constraints from b→ sγ18 (we
use the LO implementation in DarkSUSY14).
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3. Positron spectra and fits to the HEAT data
We obtain the positron flux from neutralino annihilation in the galactic
halo7. The model is a true diffusion model and assumes that the diffusion
region of tangled galactic magnetic field is an infinite slab. This approxi-
mation is reasonable since most of the positrons are emitted quite nearby
so that the outer radial boundary is unimportant. Furthermore, energy
losses due to synchrotron radiation and inverse Compton scattering from
the cosmic microwave background and from starlight are included. This
model roughly agrees with earlier work4, though the inclusion of inverse
Compton scattering from starlight is crucial as it doubles the energy loss
rate.
In calculating the observed positron flux from annihilations in the halo,
we encounter several astrophysical uncertainties. First, cosmic ray prop-
agation is not perfectly understood, though the errors are unlikely to be
larger than a factor of two. More importantly, the structure of the galactic
dark halo is unknown. Any clumpiness in the halo serves to enhance the
signal. There is no compelling argument for any particular value of the
enhancement factor, be it unity or in the thousands or more.
We will parameterize the clumpiness as a boost factor, Bs, which we de-
fine to be the boost factor that the WIMP annihilation signal from a smooth
galactic halo must be multiplied by to match the HEAT data. However, we
must be careful that in postulating a boost factor, we do not overproduce
the other products of neutralino annihilation, especially antiprotons and
gamma rays19. We do have some freedom here, in that the boost factors
for positrons, antiprotons and gamma rays are not necessarily equal, as
their propagation is not the same. It turns out that for a distribution of
clumps that follow that of the smooth component, the antiproton flux is
not boosted as much at the positron flux19,9.
We fit the full positron dataset of the HEAT experiments (1994 and
1995 combined data1 and the 2000 data2).
We will in the following assume that the standard prediction for the
positron background20,21 is correct to within a normalization factor N . We
find that the best fit normalization of the background with no signal from
neutralinos is N = 1.14, with χ2 = 3.33 per degree of freedom. When
adding the signal, we make a simultaneous fit of the normalization of the
background N and the normalization of the signal Bs, for each supersym-
metric model in our database of models. We say that a given model “gives
a good fit to the positron data” when: (1) the background-plus-signal fit
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Figure 1. Positron fraction data and fits. We illustrate positron data from HEAT 94+95
and HEAT 2000, a background only fit, and a SUSY+background fit for two interesting
MSSM models. Two additional curves separately display the SUSY and background
components of the combined SUSY+background fit. These models are gaugino domi-
nated and the model in a) has positrons primarily from hadronization, while the model
in b) has hard positrons from direct gauge boson decays.
fits the data better than the background-only fit with a decrease in χ2 per
degree of freedom greater than unity, namely the background-plus-signal fit
has χ2 ≤ 2.33 per degree of freedom; (2) the best fit normalization of the
background N is between 0.5 and 2.0, namely the background calculation20
is correct to within a factor of two according to the best fit.
The positron fluxes are more than an order of magnitude smaller than
the HEAT measurements, and we find that the best fit normalizations of the
signal Bs lie between 30 and 10
10. Values of Bs as large as 10
10 are hardly
realistic, but Bs up to 100–1000 might be acceptable given the uncertainties
in the halo structure. For each model we than check that, with this boost
factorBs, it is not excluded by other experiments. As mentioned earlier, the
antiprotons are the most restrictive in this sense and we have applied the
antiproton constraint saying that the standard calculation of the antiproton
flux (boosted with an antiproton boost factor derived from Bs
9) does not
yield more than at most a factor of 5 too high antiproton fluxes compared
to the BESS measurements22. The factor of 5 is chosen as an upper limit
on the propagation uncertainties.
In Fig. 1 we plot the positron data from the HEAT 94+95 and HEAT
2000 experiments, together with the background only fit, and two interest-
ing SUSY models that have good fits. The apparent sharp increase in the
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positron fraction around 7 GeV is not evident in any of our SUSY models,
even before the smoothing effects of energy loss on the spectrum. In princi-
ple one could envision a sharp edge coming from the direct decay of gauge
bosons. However, we would then get positrons also from the hadronic decay
of the gauge bosons and this would entirely dominate the flux at 7 GeV as
seen in Fig. 1b.
Kane et al. show that even a monochromatic signal of positrons would
not be able to reproduce the sharp bump seen in the data10. A monochro-
matic signal is smeared by energy losses and does not give the sharp feature
indicated in the data. However, a way to sharpen the bump would be to
have them all come from a nearby clump which is smaller than the propa-
gation length. Then a line signal would not be smeared out. This problem
has not yet been treated in depth, but is a bit less appealing since it re-
quires fine-tuning of both the particle physics and the astrophysics model
to explain the data.
4. Conclusions
We have explored models in the Minimal Supersymmetric Standard Model
(MSSM) parameter space to find how large the boost factor must be for each
of the models. The lowest boost factor we found is roughly 30 for a WIMP
that is primarily a Bino in content with mass 160 GeV. For Bs < 100, we
find that the models are gaugino–dominated, though some have significant
Higgsino fractions. The masses of the models are in the range 150–400 GeV
for the most part. For 100 < Bs < 1000, the masses are as large as 2 TeV,
and some very pure Higgsinos become allowed.
Fitting the new HEAT data with positrons from supersymmetric dark
matter has been done by other groups10,11 where they come to more or less
the same conclusions, i.e. that large boost factors are needed and that the
fits are better than the background only fits, but they are not excellent.
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